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Abstract.-The effect of carbon and hydrogen on the martensitic transformation of Fe-Ni base alloys is studied in this paper. The results obtained between room temperature and -185OC by two different methods based on burst phenomenon and also by quantitative metallography are presented. The influence of carbon on the amplitude of the burst and the dynamic properties of the athermal transformation are connected with mechanical characteristics of the structure. Finally hydrogen influence on Ms temperature and on martensitic transformation is discussed.
Introduction. -In previous papers (1, 2) we studied the effect of carbon content on the burst phenomenon observed during martensitic transformation of Fe-Ni alloys with low Ms temperature (near -40°C). It was established (1) by the resistivity method that an increase in carbon content decreased the burst amplitude. In addition in a recent work (3) we focussed our attention on the concentration and the distribution of hydrogen introduced by cathodic charging in molten salts at 150°C in the 8 phase in the same type of alloys. A few results of experiments on the influence of hydrogen on martensitic transformation parameters were also presented in the same paper.
The results obtained by resistivity and acoustic emission methods have been specified and supplemented in the present study. A correlation is made between these results and those obtained by another method based on burst phenomenon and also by metallography.
Experimental procedure. -Five Fe-Ni-C alloys were used for this study (see Table 1 ). After high temperature forging, an austenitizing treatment (105OoC, 2 hours) followed by water quenching was performed on bars which had a crosssection larger than the specimen size. After machining, the specimens were mechanically and electrolytically polished. These treatments lead to an entirely x structure at room temperature. After quenching at -196'C the structure contained about 90% of acicular martensite partially twinned with (259)M habit plane and about 10% of retained austenite. In table 1 the Ms temperature is obtained by acoustic emission method.
In order to avoid hydrogen induced phase transformation admicrocracking as pointed out in (4) cathodic hydrogen charging was conducted at 150°C in hot molten salts at a constant potential. The electrolyte is a eutectic mixture of NaHS04-H20 (57%) and KHS04 (43%). A detailled description of the apparatus is reported in (5) .
The results of experiments on martensitic transformation were obtained between room temperature and about -185°C by two different methods based on burst phenomenon.
The deformation amplitude of the sample was recorded versus time (temperature) during cooling by means of an internal friction apparatus (100 Hz Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1982477 frequency range) in the first method. The specimens (cross-section 2.5 x 1.5 mm ; useful length about 100 mm) were anchored at one extremity. The other extremity was free .
The second method is acoustic emission (A.E.).
We used a Bruel & Kjaer apparatus with a 200 kHz resonant piezoelectric transducer. The total gain of the A.E. system can reach 100 dB. A gain of 40 dB was used in this study. The peak detector has a 0.2)cs charge time constant. The discharge time constant is 200 ms which enables registering the signal on a D.C. recorder. A.E. apparatus was detailled in (3) . The specimens were 10 to 12 mm in diameter and 1 mm in thickness.
For both experimental techniques, specimens were set up at room temperature and the cooling rate was 1.5"C/min. -53 145 Table 1 : Chemical composition and Ms temperature of the alloys used in this study.
Experimental results. The influence of the carbon content on the A.E. behaviour is shown in Fig. 2 for alloy 1 and alloy 5. For each alloy two curves are reported versus temperature :
" I,-----, F---., the maximum amplitude of the A.E. signal represented by a dotted line (noted MAXI in Fig. 2 ), the minimum amplitude of the A.E. signal shown by a small line (noted MINI in Fig.2 ). Comparison between alloy 1 and alloy 5 indicates that the width of the curve noted MAXI is greater in high carbon alloy and that the intensity of the curve noted MINI is greater in low carbon alloy. This last behaviour corresponds in fact with a higher number of A.E. events by unit time (temperature) in low carbon alloy than in high carbon alloy. Fig. 2 also shows (see alloy 1 + Hg and alloy 5 + Hz) the influence of hydrogen on the A.E. behaviour of the same alloys. The hydrogen charging parameters are : charging time 17 h ; potential -1 V in reference with A~/ A~+ electrode. If hydrogen is present in the alloy the Ms temperature is lowered (a detailled study will be presented in Fig. 4 ) an mainly the width of the curve noted MAXI is lessened. These effects are amplified with carbon content. Results obtained with the other alloys (noted 2 , 3 , 4 ) not reported here are in agreement with the results presented in Fig. 2 .
Results obtained during cooling by means of the internal friction apparatus are reported in Fig. 3 in order to specify the effect of hydrogen on martensitic transformation. Curves a and b show the logarithm of the deformation amplitude of the sample versus temperature for alloy 4 respectively without and with hydrogen.
These results are obtained without any external vibration. Martensitic transformation development is responsible for the changes in the deformation amplitude observed at temperatures below Ms. Without hydrogen (Fig. 3 curve a) three types of effects can be distinguished (2) . The first one "type I", which corresponds to a deformation step followed by a free decay of the oscillations, can be related to the propagation of large martensite plates in agreement with micrographic observations. The second one "type 2", characterized by additionnal steps during the free decay of the oscillations, can be related to the development of secondary plates. The third one "type 3", more intricate, can be associated with a random development of martensitic transformation. With hydrogen (Fig. 3 curve b) the shape of the signal is different. A comparison between curve a "type 1" and curve b "type a" shows that the number of events by unit of temperature is greater when hydrogen is present in the alloy. Furthermore additionnal steps during the free decay of the oscillations is effective. A comparison between curve b "type b" and curve a "type 2" also indicates an acceleration in martensitic transformation when hydrogen is present in the alloy. If hydrogen is present in the alloy the Ms temperature (noted MU in this case) is lowered as mentioned above. Figure 4 shows the influence of a 17 h hydrogen charging time on the temperature at which martensitic transformation starts for alloys 1 to 5 in order to specify this effect. These results indicate that a decrease in Ms temperature induces an important increase in the difference between Ms (without hydrogen) and ~8 (with hydrogen) temperatures.
Discussion. -The reaction kinetics of martensitic transformation is extremely dependent on microstructure as previously reported by Chen and Winchell (6) and Guimaraes (7). Following the same train of thought, we focussed our attention in this first part on the effects connected with the presence of carbon in the alloy.
In fig. 1 we can see that the quantity of d' martensite obtained at a given temperature is greater in a low carbon alloy than in a high carbon one for alloys with the same grain size and also the same whole quantity of d' martensite formed at -196°C. If we compare alloy 1 and alloy 5 in Fig. 2. A.E. results show that martentisitic transformation develops in a shorter temperature range for a low carbon alloy. This result indicates that the quantity of ' martensite formed by unit of temperature during martensitic transformation rises when the carbon content is decreased. This observation is supported by the greater number of A.E. events by unit of temperature noted in the case of the low carbon alloy in Fig. 2 . This observation is also in agreement with results obtained by resistivity method on Fe-32% Ni (8) and on the same type of Fe-Ni-C alloys (1) as the ones used in this study. The results obtained in the first paper (8) indicate that about 70% of the whole volume transforms during the first burst (5 ps) in "bamboo" structure. In the second paper (1) a decrease of the amplitude of the burst can be noted with an increase in carbon content for carbon content above 0.2% in weight. If the amplitude of the burst measured by resistivity method decreases, on the other hand, the mechanical effect induced by the burst increases with an increase of the carbon content. The influence of carbon content on the amplitude of this mechanical effect has been measured by means of the internal friction apparatus (results not reported) in a similar manner to the one used in Fig. 3 . Our results agree with those carried out on torsion pendulum (in the 1 Hz frequency range),in the case of Fe-Ni (9) and Fe-Ni-C (10) alloys,if we consider the shift in the equilibrium position of the inertial wheel induced during martensitic transformation.
The mechanical characteristics of the austenitic and martensitic structures in Fe-Ni alloys are lower than in Fe-Ni-C alloys (11). Accordingly the flow stress value of the austenitic and martensitic structures in low carbon alloys enables easy relaxation of the local strain (stress) induced by martensitic transformation. Furthermore the whole strain € t induced by martensitic transformation increases with carbon content (12). These two remarks explained the increase of mechanical effect with carbon content. But it is important to note that other factors can modified the amplitude of this mechanical effect especially those responsible for a decrease in the average size of the first martensite plates formed (austenitic grain size, austenitic twinning, austenitic cold working (2), ...).
We can write Et as : &t = e + e e with E e and p elastic and plastic strain components respectively. The quantity &e increases with carbon content as previously proposed (13) from dilatometric results. These results have been associated with a "reheat transformation" developed in these alloys from the recently quenched state at -196'C (14) . Thus the mechanical energy ED increases with carbon content which can explain both the decrease of A.E. events by unit. of temperature and the increase of temperature range associated with the martensitic transformation in high carbon alloys.
Hydrogen lowers the Ms temperature of all alloys studied (see Fig. 2 and Fig.   4 ) . Furthermore Fig. 4 indicates that the difference between Ms (without hydrogen) to propose that hydrogen in the interstitial sites is responsible for stabilization of the austenitic structure. Thus the influence of hydrogen and carbon on Ms temperature should be similar. Two different explanations can be proposed in order to account for the evolution reported in Fig. 4 . The first one takes into account the decrease of hydrogen diffusivity with the decrease of temperature. The second one proposes and increase of hydrogen content in low Ms alloys but no correlation can be found between hydrogen content and carbon content and accordingly the first hypothesis seems the better one in order to explain this phenomenon.
In the above section we show that hydrogen acts as carbon on Ms temperature (static conditions). On the contrary if we compare curve a and curve b in Fig. 3 hydrogen seems to be at the origin of a softening of the austenitic structure for temperatures belows Ms (dynamic conditions). This observation is supported by A.E. results in Fig. 2 : the width of curve noted MAXI is lower if hydrogen is present in the alloy. A final point is that this effect is enhanced if carbon content increases which indicates a possible interaction between carbon and hydrogen. Further studies are planed in order to specify this last point.
